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Received October 15, 2015; accepted December 30, 2015AbstractBackground: Kiddy dentures are used to restore the self-confidence, chewing function, and pronunciation of children or when a care provider is
concerned about the loss of incisor teeth. However, most studies to date have investigated normal dental arch development, and only a few have
explored the effect of kiddy dentures on upper arch development.
Methods: Fourteen Taiwanese children (7 male and 7 female) who were wearing kiddy dentures due to the loss of their upper anterior teeth were
enrolled in this study. Inclusion criteria were the premature loss of maxillary incisors, the patient wearing kiddy dentures with both upper
primary first molars as abutments, and the patient having complete records allowing a full longitudinal clinical follow-up. Dental casts were
obtained immediately (T1), at 6 months (T2), and at 12 months (T3) after delivery of the kiddy dentures. The measured parameters included
intercanine width (ICW, C1 to C2), interfirst molar width (IDW, D1 to D2), and intersecond molar width (IEW, E1 to E2). All the measurements
were performed by one experienced examiner using a vernier caliper.
Results: The mean ages of the enrolled children for the periods T1, T2, and T3 were 43.8 ± 8.3 months, 50.6 ± 8.5 months, and
56.7 ± 8.4 months, respectively. There was no significant difference in gender when ICW, IDW, and IEW were compared. The mean changes in
ICW values were 23.6 ± 6.2 mm, 24.2 ± 5.9 mm, and 24.6 ± 6.4 mm for T1, T2, and T3, respectively. There were statistically significant
differences between T1 and T2, T2 and T3, and T1 and T3 for ICW ( p < 0.05). The mean changes in IDW were 25.7 ± 8.4 mm, 25.8 ± 9.0 mm,
and 25.8 ± 9.1 mm for T1, T2, and T3, respectively. There was no statistically significant difference between T1 and T2, T2 and T3, and T1 and
T3. The mean changes in IEW were 30.6 ± 10.1 mm, 31.2 ± 8.8 mm, and 31.3 ± 8.2 mm for T1, T2, and T3, respectively. There was statistical
significance between T1 and T2 or T1 and T3 for IDW ( p < 0.05).
Conclusion: Kiddy dentures do interfere with the transverse growth of the dental arch over the abutment tooth area during a 1-year follow-up
period. However the teeth adjacent to the confined abutments still show transverse growth.
Copyright © 2016, the Chinese Medical Association. Published by Elsevier Taiwan LLC. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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license (http://creativecommons.org/licenses/by-nc-nd/4.0/).from such premature loss of primary incisors can affect aes-
thetics, quality of life, eating, speech development, arch
integrity, development and eruption of the permanent succes-
sor teeth as well as having knock-on effects related to the
development of oral habits.5 Kiddy dentures have been used to
replace such lost teeth in order to prevent the various sequelae
caused by premature loss of primary anterior teeth.6e8
During normal maxillary arch development without
replacement by kiddy dentures, arch development in the
transverse dimension has been shown to involve changes in the
intercanine width of about 0.7 mm per year and a change insevier Taiwan LLC. This is an open access article under the CC BY-NC-ND
Fig. 1. Measurements of the cast. C1, C2 ¼ the intersections of the palatal
sulci of the primary canine with the gingival margin at the midpalatal point,
right and left side, respectively; D1, D2 ¼ the intersections of the palatal sulci
of the primary first molar with the gingival margin at the mesiopalatal line
angle, right and left side, respectively; E1, E2 ¼ the intersections of the palatal
sulci of the primary second molar with the gingival margin at the midpalatal
point, right and left side, respectively; ICW ¼ intercanine width, the distance
(unit: mm) between C1 and C2; IDW ¼ intermolar width for the first molar,
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3 years and 5 years.9 In addition, one study of Asian children
found that there was a significant difference in arch width
between the genders from 3 years of age to 6 years of age,
with boys having a larger value than girls.10 In another study,
it was found that sexual dimorphism in black American chil-
dren was very small.11
It should be noted that kiddy dentures are an appliance that
use a cross-arch design, and are always introduced when the
arch still has growth potential. Up to the present, no study in
the literature has explored the influence of kiddy denture
placement on the growing arch. Therefore, the purpose of this
longitudinal study was to assess whether the use of kiddy
dentures hinders the transverse development of the maxilla in
growing children.
2. Methods
the distance between D1 and D2; IEW ¼ intermolar width for the second
molar, the distance between E1 and E2.2.1. Sample selectionSeventeen children with premature loss of the maxillary
incisors due to early childhood caries or trauma were enrolled
in the present study at the Pediatric Department, Dentistry,
Taipei Veteran General Hospital, Taipei, Taiwan from 2009 to
2012. The patients accepted for the study met the following
criteria: they had premature loss of their maxillary incisors;
they wore kiddy dentures with both upper primary first molars
acting as abutments; and they had complete records allowing a
full longitudinal clinical follow-up. Patients with congenital
anomalies or the premature loss of other primary teeth during
the study period were excluded from this study. Informed
consent was obtained from each patient's guardian before they
joined the study.2.2. MeasurementsDental casts were obtained immediately (T1), at 6 months
(T2), and at 12 months (T3) after the delivery of the kiddy
dentures. The following reference points were identified and
marked: the intersections of the palatal sulci of the primary
canines (C1, C2) and second primary molars (E1, E2) with the
gingival margins at the midpalatal point and the intersections
of the palatal sulci of the first primary molars (D1, D2) with
the gingival margins at the mesiopalatal line angle (Fig. 1).
Occlusal reference points were not used due to the fact that
there were frequent occlusal morphological changes to the
teeth during the follow-up period, either by restoration or
attrition. For the primary first molar, the mesiopalatal line
angle was used rather than the midpalatal point due to inter-
ference during measuring caused by the solder joint of the
kiddy denture, which was positioned over the palatal side of
the primary first molar.
Measured parameters included intercanine width (ICW, C1
to C2), interfirst molar width (IDW, D1 to D2), and inter-
second molar width (IEW, E1 to E2), as depicted in Fig. 1.
These measurements were performed from the casts obtained
during each follow-up interval and were carried out using adental vernier caliper (Zurcher model 042751, Dentaurum
GmbH & Co., Ispringen, Germany) with an accuracy of
0.05 mm. The measurements were performed by one experi-
enced examiner. If there was anything unclear relating to the
dental casts, another senior pediatric dentist was consulted.
The intraexaminer repeatability of the measurements was
determined to be 0.25 mm. To assess the error in landmark
identification, five randomly selected casts were measured
twice by the same operator over a 1-week interval. For the
purpose of this study, it was concluded that this level of ac-
curacy was appropriate.2.3. Statistical analysisStudent t tests were used to compare the dimensional dif-
ferences between male and female patients. Paired t tests were
used to compare the dimensional differences between each of
the follow-up intervals. A p value <0.05 was considered sta-
tistically significant.
3. Results
Of the seventeen children initially identified for this study,
fourteen children (7 male and 7 female) were found to have
complete follow-up. Three cases were excluded due to having
defective casts or the premature loss of a primary canine, first
molar, or second molar during the follow-up period. The mean
ages of the children at T1, T2, and T3 were 43.8 ± 8.3 months,
50.6 ± 8.5 months, and 56.7 ± 8.4 months, respectively. The
mean changes in ICW, IDW, and IEW values at T1, T2, and T3
are shown in Table 1. There was no significant difference
between males and females when their ICW, IDW, and IEW
values were compared. Based on this finding, the datasets
obtained from males and females were pooled for the com-
parisons over the follow-up interval (Table 2). The mean
changes in ICW were 23.6 ± 6.2 mm, 24.2 ± 5.9 mm, and
Table 1
Mean changes in arch width (mm) for male and female at each time point.
n T1 T2 T3
Mean ± SD p Mean ± SD p Mean ± SD p
ICW M 7 24.4 ± 9.4 >0.05 25.0 ± 9.8 >0.05 25.3 ± 11.1 >0.05
F 7 23.1 ± 3.5 23.8 ± 2.8 24.1 ± 2.9
IDW M 7 26.8 ± 13.3 >0.05 26.6 ± 16.5 >0.05 26.8 ± 15.5 >0.05
F 7 25.1 ± 3.8 25.3 ± 3.5 25.4 ± 3.9
IEW M 7 31.6 ± 18.8 >0.05 32.1 ± 17.5 >0.05 32.2 ± 16.6 >0.05
F 7 29.9 ± 2.9 30.4 ± 1.5 30.7 ± 1.1
ICW ¼ intercanine width; IDW ¼ interfirst molar width; IEW ¼ intersecond molar width; T1 ¼ immediately after delivery of kiddy denture; T2 ¼ 6 months after
delivery of kiddy denture, T3 ¼ 1 year after delivery of kiddy denture.
Table 2
Mean changes in arch width after delivery of kiddy dentures.
Arch width
ICW
IDW
IEW
n
14
14
14
Time
T
T
T
T
T
T
T
T
T
 point
1
2
3
1
2
3
1
2
3
Mean ±
23.6
24.2
24.6
25.7
25.8
25.8
30.6 
31.2 
 31.3
 SD (mm)
 ± 6.2
 ± 5.9
 ± 6.4
 ± 8.4
 ± 9.0
 ± 9.1
± 10.1
± 10.1
 ± 8.2
*
*
*
*
*
*p < 0.05.
ICW ¼ intercanine width; IDW ¼ interfirst molar width; IEW ¼ intersecond
molar width; T1 ¼ immediately after delivery of kiddy denture;
T2 ¼ 6 months after delivery of kiddy denture; T3 ¼ 1 year after delivery of
kiddy denture.
Fig. 2. Arch width changes in ICW, IDW and IEW from T1 to T3. ICW ¼ intercani
for the second molar; T1 ¼ immediately after delivery of kiddy denture; T2 ¼ 6 m
denture.
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statistically significant differences between T1/T2, T2/T3, and
T1/T3 for ICW ( p < 0.05). The mean changes in IDW were
25.7 ± 8.4 mm, 25.8 ± 9.0 mm, and 25.8 ± 9.1 mm for T1, T2,
and T3, respectively. There were no statistically significant
differences between T1/T2, T2/T3, and T1/T3 for IDW. The
mean changes in IEW were 30.6 ± 10.1 mm, 31.2 ± 8.8 mm,
and 31.3 ± 8.2 mm for T1, T2, and T3, respectively. There
were statistically significant differences between T1/T2 and
T1/T3 for IEW ( p < 0.05). However, there was no statistically
significant difference between T2/T3. The growth curves for
ICW, IDW and IEW from T1 to T3 are presented in Fig. 2.
4. Discussion
In our study sample, there was no statistically significant
difference between the genders (males/females) for their ICW,
IDW, and IEW values. This finding is similar to the results of
the study conducted by Ciusa et al.12 In that study, all thene width; IDW ¼ intermolar width for the first molar; IEW ¼ intermolar width
onths after delivery of kiddy denture; T3 ¼ 12 months after delivery of kiddy
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intersecond molar width showed no sexual dimorphism when
Italian children between the ages of 3 years and 6 years were
compared. Ciusa et al's12 findings contrast with those of Tsai
and Tan10 and Bishara et al,9 who found that there was sexual
dimorphism. Tsai and Tan's9 study found that there was a
difference for IEW based on gender for children aged from
4 years to 5 years, with boys having IEW values 1.5 mm wider
than those of girls.10 Bishara et al's9 study showed that there
was sexual dimorphism for both ICW and IEW values for
children aged from 3 years to 5 years. Boys were found to
have a 0.5 mm greater increase in ICW and a 1.5 mm greater
increase in IEW than girls.9
If we consider the ICW values, our sample showed
continuous growth from T1 to T2, T2 to T3, and T1 to T3 (all
with p < 0.05). The ICW values for T1, T2, and T3 were
23.6 ± 6.2 mm, 24.2 ± 5.9 mm, and 24.6 ± 6.4 mm, respec-
tively, and thus the amount of growth was 0.6 mm during the
first 6 months after delivery of the kiddy dentures ( p < 0.05),
and during the 1st year it was 1 mm ( p < 0.05). In Bishara
et al's9 study on arch width changes from 6 weeks to 45 years
of age, the ICW was found to normally increase by about
1 mm among females and 1.5 mm among males during the
period from 3 years of age to 5 years of age. By contrast, a
cross-sectional study conducted by Ciusa et al12 showed that
ICW increased by 0.9 mm during the period from 3 years of
age to 6 years of age and there was no sexual dimorphism.
When the IEW dataset was examined, significant growth
from T1 (30.6 ± 10.1 mm) to T2 (31.2 ± 8.8 mm) of about
0.6 mm ( p < 0.05) was noted. There also was significant
growth from T1 (30.6 ± 10.1 mm) to T3 (31.3 ± 8.2 mm) of
about 0.7 mm. These increases in IEW are lower than the
increase found by Ciusa et al,12 in which there was about
1.1 mm growth in IEW between 4 and 5 years of age. Bishara
et al's9 study also showed that IEW increased by 2.6 mm in
males and by 1.5 mm in females aged from 3 years to 5 years.
The results for IDW were different from those for ICW. The
mean IDW findings for T1, T2, and T3 were 25.7 ± 8.4 mm,
25.8 ± 9.0 mm, and 25.8 ± 9.1 mm, respectively. Thus there
was no significant increase in IDW over the 12-month follow-
up period. These findings are different to those presented in
Ciusa et al's12 study, which found that there was an IDW in-
crease of 1.8 mm between the ages of 3 years and 6 years.
Our findings suggest that there is continuous growth of the
ICW and the IEW within the upper dental arch, and this agrees
with the results of other studies.9,11,12 The IDW did not show
any change after kiddy dentures were cemented onto both the
right and left primary first molars over the 12-month follow-up
period.12 It is clear that kiddy dentures did hinder upper dental
arch growth in the primary first molar area. In Ciusa et al's12
study, there was 1.1 mm of growth in IDW over a 3-year
period. During our 1-year follow-up period, the growth
seemed to be less than 0.4 mm for the whole arch and less than
0.2 mm for a quadrant. However, this amount of growth
retardation would not be easily noticeable in a clinical situa-
tion. Among all the cases enrolled in our study, there was nodevelopment of crossbite affecting the buccal segments after a
1-year follow-up.
During fabrication of kiddy dentures, contouring of the
stainless steel wire will cause the wire to have a high level of
internal tension and as a result heat treatment is required to
release this tension.13,14 Cuoghi et al15 found the wire opening
produced by the tensile force of the steel wire was accentuated
to a greater extent in arch wires without heat treatment. The
posterior region opening, when 0.020 inch arch wire was used,
was found to be 1.8 mm and 5.4 mm for the heat treatment
group and no heat treatment group, respectively.15 In our
study, we used 0.32 inch orthodontic wire, which was thicker
than Cuoghi et al's15 wire (0.014e0.020 inches). This thicker
wire will produce a larger posterior region opening.15 Our
kiddy dentures were fixed to the dental arch by cementing the
dentures over upper primary molars. If there was any trans-
verse growth within the primary first molar area, this would
cause tension at both ends of the kiddy denture. Then, if the
arch wire had not been heat treated, it would open over the
abutment area, which would cause a greater increase in the
IDW. The net effect would be no hindrance of normal arch
growth while wearing kiddy dentures. The results of our study
were that there was no increase in the IDW, which disagrees
with the above mentioned phenomenon. The discrepancy may
be attributed to the rigid acrylic-based resin placed over the
anterior palatal region and covering about two-thirds of the
length of the arch wire. The arch-opening effect of the arch
wire was then prevented by the rigid denture base. In order to
increase the flexibility of stainless steel wire, reducing the wire
size or increasing the wire length is known to be
effective.16e19 For kiddy dentures, we can either use a smaller-
sized arch wire or change the abutment tooth posteriorly, using
the primary second molar, which would lengthen the arch
wire. Reducing the size of the arch wire will decrease the
strength of the wire, and this could result in fractures and/or
distortions of the kiddy denture becoming more common.20
Notwithstanding the above, the effect of changing the abut-
ments of a kiddy denture on arch growth to more posterior
teeth will need further assessment.
In conclusion, kiddy dentures do interferewith the transverse
growth of the dental arch in the region of the abutment tooth over
a 1-year follow-up period. However the teeth adjacent to the
confining abutments still show transverse growth.
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